Flight feasibility assessment of shuttle/LANDSAT-D missions by Kincade, R. E. & Wortham, M. B.
. - 
- .  
, - *P 
-, 
- : .  Flight Feasibility Assessment of 
, . . -
* Missions 
1 . 
C (YASA-TH-8 11 45) F L I G H T  F E A S I B I L I T Y  
h M90-30372 
- ASSESSHENT O P  SHUTTLE/LAYDSAT-D/LANDSPT-0' 
i .  fllSSIONS (NASA)  44 p HC A33/ f lF  A01 C S C L  221 
Unclas 
G3/16 30958 
Mission Planning and Analysis Division 
August 1980 
National Aeronautics and 
Space Administratton 




. . 1 I, ,,- 
t SHUTTLE PROGRAM 
? 
FLIGHT FEASIBILITY ASSESSMENT OF 
SHUTTLE /LANDSAT -D/LANDSAT -D' MISSIONS 
By Richard E .  Kincade and Michael B .  Wortham 
Flight  Planning Branch 
Approved : 
Mission Planning and Analysis DivQi In 
Mission Pianning and Analysis Division 
National Aeronautics and Space Administration 
Lyndon B .  Johnson Space Center 
Housb,on , Texas 
August 1980 
FOREWORD 
r { ;  This document descr ibes  t he  o r b i t a l  port ion of a f l i g h t  designed to  d e l i v e r  t h e  1 . . ,  Landsat-D' and then t o  r e t r i e v e  t he  Landsat-D on the  second f l i g h t  from the  west- e rn  test range (WR) as spec i f i ed  i n  t he  Space Transportat ion System (STS) 
f l i g h t  manifest 13000-1-3D (updated February 14, 1980). This work was essen- 
'I 
i t i a l l y  completed upon r ece ip t  of t he  STS f l i g h t  assignment working manifest 
s 
I (preliminary) 13000-2-33 ( l a s t  update May 16, 1980, l l l g ) ,  which shows t h e  sec- 
ond f l i g h t  from the  WR assigned to  a Department of  Defense (DOD) payload. This 
document remains appl icab le  f o r  any UTR f l i g h t  (e.g., f l i g h t  4W) with t he  possi-  
b l e  exception of the  deorbi t  and landing da ta  ( t h i s  study is based on a Kennedy 
Space Center (KSC) landing).  
iii 
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1 .0 INTROCUCTION 
The STS f l i g h t  assignment working man i fe s t  (p re l imina ry )  has  scheduled t h e  sec-  
ond S h u t t l e  f l i g h t  from WTR f o r  June 29, 1984. The o b j e c t i v e  o f  t h i s  f l i g h t  is 
t o  deploy t h e  Landsat-D' and t o  r e t r i e v e  t h e  Landsat-D, previous ly  p laced  i n  
o r b i t  by an  expendable launch veh ic l e .  l I n  a d d i t i o n  t o  t h e  payloads mani fes ted  
f o r  t h i s  f l i g h t ,  a F l i g h t  Support  System (FSS) t o  house t h e  Landsat-D' and 
Landsat-D when they a r e  i n  t h e  cargo  bay is inc luded.  
Because of  performance l i m i t a t i o n s ,  t h e  S h u t t l e  cannot rendezvous with t h e  
Landsat-D i n  i t s  primary o r b i t ;  t h e  a c t u a l  rendezvous a l t i t u d e  is a f u n c t i o n  o f  
t h e  performance o f  t h e  two Landsat  v e h i c l e s  and of t h e  S h u t t l e .  P r e s e n t l y ,  t h e  
weight quoted f o r  t h e  a i r b o r n e  suppor t  equipment (ASE) is 9000 pounds and t h a t  
o f  t h e  s a t e l l i t e  i t s e l f  is 4500 pounds. A t  t h e  i n c e p t i o n  of t h i s  assessment ,  i t  
appeared t h a t  t h e  O r b i t e r  would be a b l e  t o  r e t r i e v e  t h e  Landsat-D from a 
210-n. m i .  o r b i t  f o r  t h i s  heavy weight ASE case  us ing  t h e  OV-103. F u r t h e r  
a n a l y s e s  i n d i c a t e d  t h a t  t h e  OV-103 could  no t  ach ieve  t h e  210-n. m i .  r e t r i e v a l  al- 
t i t u d e .  Although t h e  OV-103 could not  r e t r i e v e  t h e  Landsat-D from t h i s  o r b i t ,  
t h e  o r b i t a l  informat ion  a l r e a d y  genera ted  was v a l i d  and is publ i shed  f o r  informa- 
t i o n  purposes. 
Thus, t h i s  document p r e s e n t s  a f l i g h t  f e a s i b i l i t y  assessment from an o r b i t a l  
a n a l y s i s  po in t  of  view f o r  r e t r i e v a l  o f  t h e  Landsat-D from a 210-n. m i .  o r b i t ,  
fo l lowing d e l i v e r y  o f  t h e  Landsat-D' t o  a 200-n. m i .  o r b i t .  The p r o f i l e  
a s s o c i a t e d  wi th  t h i s  assessment is not  d e t a i l e d  i n  n a t u r e ,  and no in-depth 
a n a l y s e s  f o r  t r a j e c t o r y ,  a t t i t u d e ,  consumables (p ropu l s ive  o r  nonpropuls ive)  o r  
t i m e l i n e  da t a  have been genera ted .  The document does ide r r t i fy  those  parameters  
such a s  o r b i t a l  a l t i t u d e ,  phas ing ,  and l e n g t h  o f  rendezvous, which a f f e c t  
f l i g h t  des!gn f o r  t h i s  f l i g h t .  
I n  a d d i t i o n  t o  t h e  a n a l y s i s  o f  d e l i v e r y  t o  a 200-n. m i .  o r b i t  and r e t r i e v a l  from 
a 210-n. m i .  o r b i t ,  t h e  r e s u l t s  of a s tudy made f o r  d e l i v e r y  t o  a 235-n. m i .  
o r b i t  followed by r e t r i e v a l  from 245 n. m i .  a r e  inc luded i n  t h e  appendix. 
2.0 ACRONYMS AND SYMBOLS 
A 0  A a b o r t  once around 
ASE a i r b o r n e  suppor t  equipment 
AT0 a b o r t  t o  o r b i t  
The i n t e r f a c e  requirements  d e f i n i t i o n  document shows a requirement f o r  
deployment o f  t h e  Landsat-D' by t h e  STS, but  a t  p re sen t  does no t  impose a 
s e r v i c i n g ,  r e t r i e v a l ,  o r  r e d e l i v e r y  requirement on t h e  STS. There is a re -  
quirement t o  r e t r i e v e  t h e  Landsat-D on t h e  same o r b i t a l  f l i g h t  ( r e t r i e v a l  
does not  impose a d e l i v e r y ,  s e r v i c i n g ,  o r  r e d e l i v e r y  requirement on t h e  
STS) . 
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center of gravity 
change in velocity (due to  thrusting) 
eastern standard time 
external tank 
feet per second 
f l ight  support system 
ground elapsed time 
Greenwich mean time 
Kennedy Space Center 
Landsat-D 
Landsat-D ' 
Mission Control Center 
main engine cutoff 
navigation 
phasing maneuver 
corrective combination maneuver 
height maneuver 
coellip t i c  maneuver 
orbital  maneuvering system 
Orbiter- vehicle 
Payload Operations Control Center 
Pacific standard time 
presleep (or postsleep) ac t iv i t i e s  
reaction control system 
return-to-launch s i t e  
solid rocket booster 
SSEaE Space S h u t t l e  main engine  
STS Space T r a n s p o r t a t i o n  System 
TDRSS t r a c k i n g  and d a t a  r e l a y  s a t e l l i t e  system 
TPF t e rmina l  phase finalization (braking)  
TP I t e rmina l  phase i n i t i a t i o n  
WTR western test range 
3.0 ASSUMPTIONS AND GROUNDRULES 
The fo l lowing assumptions and groundrules  were used i n  gene ra t ion  of  t h i s  
f l i g h t  f e a s i b i l i t y  assessment f o r  d e l i v e r y  o f  Landsat-Dl on t h e  same f l i g h t  as 
r e t r i e v a l  o f  t h e  Landsat-D. 
a. The Landsat-D' d e l i v e r y  weight is 4500 pounds; t h e  Landsat-D r e t r i e v a l  
weight is 3600 pounds. 
b. The FSS, which must be c a r r i e d  i n  t h e  payload bay f o r  t.hese two payloads,  
weighs 9000 pounds. 
c .  The Landsat-D and Landsat-Dl o p e r a t i o n a l  o r b i t s  a r e  383 n.  m i .  c i r c u l a r  alt?.- 
tude  and 98.20 i n c l i n e d  w l  t h  a cons t an t  descending node c r o s s i n g  a t  9 :30 a.m. 
l o c a l  time. 
d.  The Landsat-D is a pass ive  target f o r  rendezvous purposes.  
e. The Landsat-D a t t i t u d e  f o r  r e t r i e v a l  w i l l  be f i x e d  and t h e  STS must be 
o r i e n t e d  with r e s p e c t  t o  t h e  Landsa:.-D. 
f .  The O r b i t e r  plume impingement s h a l l  not  cause  d e s t a b i l i z a t i o n  o f  t he  
Landsat-D. 
g.  The Lmdsat-D w i l l  be confirmed ready f o r  r e t r i e v a l  p r i o r  t o  launch and 
f i n a l  approach f r a n  any s t a t ionkeep ing  po in t .  
h. Lmdaat-Dl is deployed i n  a 200-n. m i .  o r b i t  (10 n .  m i .  below Landsat-D) 
p r i o r  t o  r e t r i e v a l  o f  Landsat-D; r e t r i e v a l  is not  a t tempted  on t h e  same crew 
workday. 
i. NAV update/deploy time and a t t i t u d e  updates  are requi red  p r i o r  t o  
deployment. 
j. Following deployment o f  Lsndsat-Dl, c o n t r o l  and monitor suppor t  from t h e  
O r b i t e r  is requi red  through o n o r b i t  checkout. 
k .  The O r b i t e r  w i l l  provide power up t o  t h e  time of deployment o f  Landsat-D' and 
from umbi l i ca l  connection t o  powerdown be fo re  s towing f o r  Landsat-D. 
1. The O r b i t e r  and t h e  MCC p rov ides  real- t inie  serial command and t e l eme t ry  ac- 
c e s s  between e i t h e r  t h e  Landsat-D1 and t h e  Payload Opera t ions  Con t ro l  Cen te r  
(POCC) o r  between t h e  Landsat-D and t h e  POCC. 
m. The OV-103 v e h i c l e  w i l l  be used .  
n. The f l i g h t  r e q u i r e s  a three-man crew. 
o .  There w i l l  be no s t agge red  crew work/ res t  pe r iods .  
p. A 109/109 pe rcen t  SSME t h r u s t  c a p a b i l i t y  is assumed. 
q.  Water and APU a r e  f u l l y  loaded  i n  t h e  event  an e a r l y  r e t u r n  is r e q u i r e d .  
r. Two loaded c ry0  tank  s e t s  a r e  inc luded .  
s. The r e a c t i o n  c o n t r o l  system (RCS) t anks  are f u l l y  loaded.  
t. The i n t e g r a l  o r b i t a l  maneuvering system (OMS) t anks  a r e  loaded;  one OMS k i t  
is p a r t i a l l y  loaded.  
u. Launch w i l l  be made from WTR wi th  nominal l and ing  occu r ing  a t  KSC. 
v. Abort once around (AOA) l a n d s  a t  WTR; a b o r t  t o  o r b i t  (ATO) l a n d s  a t  Hawaii 
du r ing  t h e  second r e v o l u t i o n  ( r e v  1. 
w. Thsre  a r e  no r e s t r i c t i o n s  on no r th  o r  sou th  approaches t o  KSC. 
x. A d a y l i g h t  l and ing  is d e s i r a b l e  but  no t  mandatory. 
y. The e n t r y  c ros s r ange  w i l l  be 5 t h e  o p e r a t i o n a l  c ros s r ange  c a p a b i l i t y .  
z.  Nominal d e o r b i t  o p p o r t u n i t i e s  w i l l  be planned s o  t h a t  an a c c e p t a b l e  backup 
oppor tun i ty  e x i s t s  on t h e  o r b i t  t o  fo l l ow,  i f  p o s s i b l e .  
aa.  The maximum dynamic p r e s s u r e  du r ing  a s c e n t  w i l l  be ( 65; p s f .  
bb. An in-plane,  on-time launch  is assumed; t h e  d u r a t i o n  of  t h e  window is depen- 
d e n t  on exces s  performance, i f  any. 
cc.  A 2-day rendezvous is assumed i n  o rde r  t o  open phasing c a p a b i l i t y .  
dd. The nominal phasing maneuver w i l l  be no l e s s  than 10 f p s .  
ee.  F i r s t  and s e c r  : c o e l l i p t i c  a l t i t u d e s  a r e  10 and 5 n. m i . ,  r e s p e c t i v e l y .  
f f .  The f l i g h t  d u r a t i o n  is approximately 3 days.  
gg. The OMS w i l l  not  be budgeted f o r  a payload s e p a r a t i o n  maneuver. 
hh. Payload i n s t a l l a t i o n  i n t o  t h e  O r b i t e r  payload bay was no t  cons idered;  t h e  
O r b i t e r  launch/ent ry  conf igu ra t ion  is assumed t o  be compatible wi th  t h e  ten- 
ter o f  g r a v i t y  (c .g.) .  
ii. B a l l a s t  requirements  we1 e not  cons idered .  
j j. The cargo  e n t r y  weight is assumed t o  be 12 60" pounds. 
4.0 MISSION DESCRIPTION 
The Landsat-D w i l l  be t r a n s f e r r e d  from i t s  383-n. m i . ,  98.2O i n c l i n e d  o r b i t  
(9:30 a.m. l o c a l  time descending node c ros s ing )  t o  t h e  210-n. m i .  r e t r i e v a l  
o r b i t  u s ing  i t 9  onboard propuls ion  system. The descen t  w i l l  be made wi th  s u f f i -  
c i e n t  time (approximately 48 hours)  f o r  o r b i t  v e r i f i c a t i o n  p r i o r  t o  S h u t t l e  
l i f t - o f f .  
The launch w i l l  be timed s o  t h a t  l i f t - o f f  w i l l  occur  i n  t h e  p l ane  of t h e  
Landsat-D (9:48 PST, June  29 ,  1984). Following i n s e r t i o n  i n t c  a low-Earth 
park ing  o r b i t  o f  160 n. m i . ,  t h e  O r b i t e r  performs a burn (NC1) t o  a d j u s t  t h e  
phas ing  between it and t h e  Landsat-D. After a per iod  o f  time i n  t h i s  phas ing  
o r b i t ,  a maneuver (NH) is performed t o  raise apogee t o  an a l t i t u d e  approxi-  
mately 10 n. m i .  below t h e  payload o r b i t ;  oce-half  r ev  l a t e r ,  t h e  O r b i t e r  
ach ieves  a c o e l l i p t i c  o r b i t  with a 15-n. m i .  d i f f e r e n t i a l  a l t i t u d e .  During t h i s  
c o e l l i p t i c  o r b i t  (approximately 24 hvurs l o n g ) ,  deployment o f  t h e  Landsat-D1 is 
completed, followed by an  O r b i t e r  s e p a r a t i o n  bur and t r a n s f e r  o f  t h e  Landaa'i-D 
t o  its o p e r a t i o n a l  o r b i t .  
After t h e  c o a s t  i n  t h e  first c o e l l i p t i c  o r b i t ,  du r ing  which time onboar.1 .:z- 
vous nav iga t ion  is performed, t h e  O r b i t e r  does a c o r r e c t i v e  combination &. -ver 
(NCC) t h a t  makes phasing,  h e i g h t ,  and p lane  change adjus tments  i f  necessary .  
Th i s  maneuver is followed by a second c o e l l i p t i c  burn t h a t  p l a c e s  t h e  O r b i t e r  5 
n. m i .  below t h e  Landsat-D o r b i t .  F u r t h e r  onboard nav iga t ion  is accomplished 
du r ing  t h i s  c o e l l i p t i c  o r b i t .  The O r b i t e r  then  performs t h e  t e rmina l  phase i n i -  
t i a t i o n  (TPI )  maneuver t o  e s t a b l i s h  an i n t e r c e p t  wi th  t h e  t a r g e t .  F i n a l l y ,  t h e  
O r b i t e r  begins  a s e r i e s  o f  braking  maneuvers (TPF) t o  n u l l  t h e  r e l a t i v e  v e l o c i t y  
between t h e  two, p r i o r  t o  s t a t ionkeep ing  and rendezvous. 
Upon completion o f  t h e  r e t r i e v a l  o f  t h e  Landsat-D and a crew r e s t  pe r iod ,  a 
descending d e o r b i t  t o  and l and ing  a t  KSC (9:48 a.m. EST) is accomplished 69 
hours  a f t e r  l i f t - o f f .  
5.0 ORBITAL ANALYSIS 
5.1 NODAL TIME REQUIREMENT 
To set t h e  node at  a c e r t a i n  l o c a l  Sun time is a common requirement f o r  Sun- 
synchronous satell i tes.  For example, an e a r l y  STS WTR launch w i l l  deploy a 
TIROS s a t e l l i t e  r e q u i r i n g  e i t h e r  a 0730 descending node o r  a 1430 ascending  
node. Landsat r e q u i r e s  a descending node t ime o f  0930 ?ocal .  Once t h i s  nods? 
time is set (and t h e  s a t e l l i t e  remains a t  t h e  proper  a l t i t u d e ) ,  it w i l l  remain 
c o n s t a n t  f o r  each rev .  T h i s  Sun-synch~onous c o n d i t i o n  is achieved  by p l a c i n g  a 
s a t e l l i t e  i n  a r e t r o e r a d e  o r b i t  where i :~cl inat!on and a l t i t u d e  a r e  dependent var -  
i a b l e s  chose[: s o  t h a t  nodal  p reces s ion  w i l l  approximately equa l  t h e  E a r t h ' s  angu- 
lar  r a t e  about  t h e  Sun (0.986 deg/day).  F igu re  1 i l l u s t r a t e s  t h e s e  r e l a t i o n s h i p s  
f o r  r e t r o g r a d e  s a t e l l i t e s .  The d o t t e d  l i n e  i n  t h i s  f i g u r e  i n d i c a t e s  t h e  d e s i r e d  
nodal  p reces s ion  f o r  Sun-synchronous o r b i t s .  A Landsat  i n c l i n a t i o n  o f  98.z0 a t  
an a l t i t u d e  of 383 n. m i .  w i l l  produce t h i s  p r eces s ion .  TIROS a c h i e v e s  t h e  same 
r a t e  wi th  98.7O i n c l i n a t i o n  and an a l t i t u d e  of  450 n. m i .  
The c u r r e n t  miasion p r o f i l e  f o r  t h e  Lands -3 replacement  f l i g h t  r e q u i r e s  t h a t  
s p e c i a l  c o n s i d e r a t i o n  be made f o r  main ta inrng  t h e  c o r r e c t  nodal  time. A s  s een  
i n  f i g u r e  1 ,  when Landsat-D l e a v e s  its o p e r a t i o n a l  a l t i t u d e ,  descending t o  a 
lower a l t i t u d e  f o r  r e t r i e v a l ,  t h e  node w i l l  no longer  p r e c e s s  a t  0.983 deg/day. 
I n s t e a d ,  i f  it descends t o  210 n. m i . ,  t h e  node w i l l  p r eces s  a t  1.155 deg/day. 
The replacement  s a t e l l i t e  w i l l  i n i t i a l l y  be deployed a t  a 200-n. m i .  a l t i t u d e ,  
wi th  a nodal  p reces s ion  o f  1.166 deg/day. I n  a l l ,  whi le  3 days t r a n s p i r e  from 
Landsat-D, l eav ing  a 383-n. m i .  a l t i t u d e  t o  t h e  replacement  (Landsat-D') a r r i v i n g  
a t  t h a t  a l t i t u d e ,  i nodal c r o s s i n g  e r r o r  o f  about  0.6O wil.1 accumulate .  To com- 
pensa t e  f o r  t h i s  e r r o r ,  it is recommended t h a t  Landsat-D accomplish a 0.60 node 
s h i f t  i n  conjunct ion  with t h e  maneuver t o  descend from 383 t o  210 n. m i .  T h i s  
w i l l  r e l i e v e  t h e  burden from t h e  S h u t t l e  and/or  from Landsat-Dl, bo th  o f  which 
have a muck more r e s t r i c t i v e  p r o p e l l a n t  budget.  
5.2 LANDSAT-D/LANDSAT -D ' ALTITUDE FOR PLACEMENT /RETRIEVAL 
Assuming t h e  OV-103 w i l l  be used f o r  t h i s  d e l i v e r y / r e t r i e v a l  mission with a 
ca rgo  weight  of 13 500 pounds, t h e  O r b i t e r  should be a b l e  t o  d e l i v e r  t h e  
Landsat-D' t o  a 200-n. m i .  c i - ~ u l a r  o r b i t  whi le  r e t r i e v i n g  t h e  Landsat-D from a 
210-n. m i .  c i r c u l a r  o r b i t  ( r e f .  1 ) .  For  a l i g h t e r  ca rgo  weight  o f  10 000 pounds 
(ASE weight reduced by 3500 pounds) ,  t h e  d e l i v e r y  can be made a t  an a l t i t u d e  of 
235 n. m i .  with  r e t r i e v a l  a t  an a l t i t u d e  o f  ?45 n .  m i .  To accomplish t h e  
combined d e l i v e r y / r e t r i e v a l  m i s s i o ~ ,  t h e  Landuat-D w i l l  lower i t s  o r b i t  ( u s i n g  
i t s  i n t o r r a l  p ropuls ion  s;stem) t o  one ach ievab le  by t h e  S h u t t l e .  
5.3 LAUNCH W I N D O W  CONSIDERATIONS 
The nodal  t ime requirement  d i s cus sed  e a r l i e r  is  conunon f o r  WTR payloads and ,  i f  
p r e s e n t ,  is t h e  d r i v i n g  launch  window cons ide ra t i on .  It e s t a b l i s h e s  an o r b i t a l  
p l a n e  t h a t  must be t a r g e t e d ,  a l lowing  on ly  one oppor tun i ty  per  day 1.or a south-  
e r l y  launch ( r ange  s a f e t y  p rec iudes  a n o r t h e r l y  l aunch ) .  I n  a d d i t i o n ,  t h e  win- 
dow a t  t h i s  oppor tun i ty  is r e l a t i v e l y  s m a l l ,  
F i g u r e  2 shows some r e s u l t s  of a s c e n t  s i m u l a t i o n s  f o r  a 98.2O i n c l i n a t i o n  
launch .  Lgunch azimuth is  approx iua t e ly  190°. The b e s t  weight  t o  o r b i t  is 
achieved  by launching  5 .5  minutes p r i o r  t o  t h e  t h e o r .  t i c a l  in-plane time. 
Launching a t  a time o t h e r  t han  t h i s  r e q u i r e s  yaw s:eering t o  i n t e r c e p t  t h e  
p l ane ,  and performance degrades  much more qu ick ly  than  f o r  an ETR launch.  For  
i n s t a n c e ,  launching 3 mirlutes a f t e r  t h e  lloptimum" ,ime r e s u l t s  i n  a perfolwance 
l o s s  o f  about  1500 pounds. A 5-minute de l ay  would reduce c a p a b i l i t y  by ove r  
3500 pounds. 
Launch phasing w i l l  be d iscussed  i n  s e c t i o n  6.0. A t  t h i s  p o i n t ,  it should  be 
noted t h a t  f o r  missions such as t h e  Landsat  r e t r i e v a l ,  t h e  payload manuever t o  
decrease  a l t i t u d e  t o  t h a t  of  t he  S h u t t l e  can be timed p r i o r  t o  S h u t t l e  launch t o  
ensure  proper phase angle.  
5.4 RENDEZVOUS CONSIDERATIONS 
5.4.1 Two-Day Timeline 
A 2-day rendezvous p lan  w i l l  be employed t o  ensu re  t h a t  d e l i v e r y  and r e t r i e v a l  
can be accomplished without  d r a s t i c a l l y  a f f e c t i n g  normal crew work/ res t  c y c l e s .  
The 2-day rendezvous p lan  a l lows  f o r  a major rest pe r iod  after t h e  park ing  and 
phasing maneuvers and be fo re  t h e  maneuvers ( h e i g h t  and first c o e l l i p t i c )  neces- 
s a r y  t o  g e t  t o  an o r b i t  o f  10 n. mi. below t h e  Landsat-D. The Landsat-Dt 
deployment and t h e  O r b i t e r  s e p a r a t i o n  maneuver a r e  accomplished p r i o r  t o  t h e  sec-  
ond major crew r e s t  per iod .  Add i t iona l ly ,  t h e  two burns t o  p l ace  Landsat-D' i n  
its des i r ed  o r b i t  are performed p r i o r  t o  t h e  second crew r e s t  per iod  (no  major 
crew p a r t i c i p a t i o n  f o r  t h e s e  two burns was a n t i c i p a t e d ) .  Following t h e  second 
rest per iod ,  t h e  c o r r e c t i v e  combination burn, a second c o e l l i p t i c  naneuver, t h e  
TPI maneuver, and t h e  braking burns a r e  performed. The O r b i t e r  r e t r i e v e s  t h e  
Landsat-D d u r i r ~ g  t h e  5-hour per iod  p r i o r  t o  t h e  t h i r d  major crew rest per iod .  
T h i s  rest per iod  is  followed by d e o r b i t  p r e p a r a t i o n  and d e o r b i t  and landing .  
F igu re  3 presen t s  a g raph ic  o f  t h i s  rendezvous t i m e l i n e  f o r  t h e  210-n. m i .  ren- 
dezvous case ghile t a b l e  I g i v e s  times and del ta-V's  f o r  t h e  v a r i o u s  burns 
s imulated i n  t h e  assessment.  Table  I1 contaLns t h e  launch weight e s t ima te3  f o r  
t h i s  f l i g h t .  A summary o f  consumables l oad ing  and usage i s  provided i n  t a b l e  
111. Tables  I1 and I11 were genera ted  based on a 57-n. m i .  main engine cu to f f  
{MECO) a l t i t u d e .  
The 2-day rendezvous sequence is a l s o  b e n e f i c i a l  i n  t h a t  i t  i n c r e a s e s  t h e  range  
of t h e  accep tab le  phase ang le s  between t h e  t a r g e t  and t h e  O r b i t e r  a t  t h e  t ime o f  
t h e  phasing maneuver. The range o f  a l lowab le  phase ang le s  can f u r t h e r  be 
extended by having t h e  c a p a b i l i t y  f o r  t h e  he igh t  maneuver e i t h e r  e a r l y  (one-half  
r ev  a f t e r  t h e  phasing maneuver) o r  l a t e  (one-half rev  m u l t i p l e s  a f t e r  t h e  
phasing burn 1. 
5.4.2 Reduction I n  C o e l i i p t i c  Delta-H 
The 2-day rendezvous p lan  i s  b a s i c a l l y  t h e  same as t h e  s t anda rd  Space S h u t t l e  
rendezvous sequence. One change was t o  reduce t h e  first c o e l l i p t i c  maneuver a l -  
t i t u d e  from 20 t o  10 n. m i .  and t o  reduce t h e  second c o e l l i p t i c  maneuver from 
10 t o  5 n. m i .  Th i s  change was n e c e s s i t a t e d  by t h e  f a c t  t h a t  t h e  former 
delta-H o r b i t s  r e s u l t  i n  onboard o p t i c a l  t r a c k i n g  o f  t h e  t a r g e t  v e h i c l e  a t  
ranges of  up t o  300 n. m i .  p r i o r  t o  t h e  c o r r e c t i v e  combination maneuver. A l -  
though no s p e c i f i c  numbers were a v a i l a b l e ,  it is be l i eved  t h a t  t h e  r e f l e c t a n c e  
of  t h e  Landsat-D is such t h a t  o p t i c a l  t r a c k i n g  w i l l  be imposs ib le  f o r  ranges  
near  200 t o  300 n. m i .  Since t h e  Landsat-D is a  pass ive  t a r g e t  i n  t h a t  i t  car-  
r i e s  no transponder,  the  rendezvous radar  is of no use u n t i l  post-TPI when 
ranges get below 10 n. m i .  Modification o f  the  c o e l l i p t i c  maneuvers from 10 t o  
5 n. m i .  reduces the  t a r g e t  range s o  t h a t  o p t i c a l  t r ack ing  can be accomplished. 
5.4.3 Nominal NC Phase Maneuver -
For the  c los ing  of the  i n s e r t i o n  phase angle window, the  phasing manecver 
delta-V should be zero  f o r  the  i d e a l  case.  However, f o r  t h i s  rendezvous se- 
quence, t h e r e  is a payload separa t ion  maneuver between t h e  f i r s t  c o e l l i p t i c  and 
c o r r e c t i v e  combination maneuvers which, i f  not accounted f o r  by t h e  phasing ma- 
neuver, w i l l  adverse ly  e f f e c t  t h e  remaining maneuvers. I n  a d d i t i o n  t o  t h e  
delta-V required t o  account f o r  phasing cor rec t ion  due t o  the  separa t ion  burn, 
some delta-V a t  NC1 must be a l l o t e d  f o r  poss ib le  d i spe r s ion  e r r o r s  a t  i n s e r t i o n ,  
s i n c e  c i r c u l a r i z a t i o n  o f  the  o r b i t  p r i o r  t o  t h e  phasing maneuver is accomplished 
by a  p re f l igh t - t a rge ted  c i r c u l a r i z a t i o n  burn a t  a  p respec i f i ed  time. The maneu- 
ve r  w i l l  not  be re ta rge ted  t o  compensate f o r  these  e r r o r s  i n  t h e  pos t inse r t ion  
o r b i t .  Therefore,  f o r  t h i s  rendezvous sequence, an NC1 maneuver of 10 t o  15 f p s  
was performed t o  account f o r  poss ib le  i n s e r t i o n  d i spe r s ions  t h a t  may occur. 
6.0 SUMMARY 
Delivery of the  Landsat-Dt and r e t r i e v a l  of the  Landsat-D on the  same S h u t t l e  
f l i g h t  appear f e a s i b l e  if the  cargo weight (ASE s p e c i f i c a l l y )  can be reduced 
such t h a t  t h e  Orb i t e r  can achieve the  o r b i t  of the  Landsat-D a f t e r  its o r b i t  is 
lowered from t h e  opera t iona l  o r b i t .  Thiv assessment i n d i c a t e s  t h a t  even with 
use of  a  57-n. m i .  MECO t o  ga in  performance, a  negat ive  margin e x i s t s  (1818 
pounds) when the  9000 c r a d l e  is placed i n  the  Of-103 cargo bay and t h e  S h u t t l e  
a t t empts  t o  d e l i v e r  t h e  Landsat-Dl t o  a  200-n. m i .  o r b i t  and r e t r i e v e  t h e  
Landsat-D from a 210-n. m i .  o r b i t .  Thus, f o r  t h i s  assessment the  RCS/OHS 
loading is c r i t i c a l  because of the  MECO weight l i m i t .  
The Landsat-D should be brought down a t  such a  time a s  t o  provide a  compatible 
phasing s i t u a t i o n  between i t  and t h e  Orb i t e r  a t  i n s e r t i o n .  This  is approxi- 
mately 48 hours p r i o r  t o  l i f t - o f f  f o r  the  Landsat-D r e t r i e v a l  a l t i t u d e  of 
210 n. m i .  I n  add i t ion  t o  lowering t h e  Landsat-D o r b i t  t o  an  o r b i t  achievable 
by t h e  Orb i t e r ,  it is necessary f o r  t h e  Landsat-D t o  a l s o  make the  plane change 
required t o  account f o r  the  d i f fe rence  i n  o r b i t  precession r a t e  between the  two 
a l t i t u d e s  (0.30 plane change during each of the  Landsat-D burns is adequate).  
Th i s  assumes t h a t  Landsat-Dl must a t t a i n  the  same 9:30 a.m. l o c a l  time node f o r  
i ts  opera t iona l  o r b i t .  
S t a r  t r a c k e r  a c q u i s i t i o n  necessary f o r  navigation updates p r i o r  t o  t h e  correc- 
t i v e  combination maneuver is not probable a t  250 n. m i . ,  consider ing Landsat-D 
re f l ec tance .  Therefore,  the  d i f f e r e n t i a l  a l t i t u d e s  a t  the  f i r s t  and second 
c o e l l i p t i c  maneuvers were reduced from 20 and 10 n. m i .  t o  10 and 5  n. m i . ,  re- 
s p e c t i v e l y ,  t o  reduce t h e  t r ack ing  range. 
A 3-day f l i g h t  dura t ion r e s u l t s  i n  a  descending o r b i t  ( r ev  46) near the  e a s t e r n  
c o a s t  of the  United S t a t e s  f o r  a r e t u r n  from a  210-n. m i .  o r b i t  t o  KSC. An 
ascending pass  t o  KSC occurs 12 hours l a t e r  but  could cause crew work/rest  
scheduling problems. I f  the  payload and O r b i t e r  can be re turned t o  Vandenberg 
A i r  Force Base (VAFB), t h e r e  a r e  two poss ib le  descending d e o r b i t s  - revs  48 and 
49. 
The Landsat-Dl checkout requirements through t h e  O r b i t e r  were unknown. For t h i s  
assessment, 1 hour between t h e  separa t ion  maneuver and t h e  first Landsat-Dl burn 
was assumed. If longer checkout is required i n  a s ta t ionkeeping mode, up t o  6 
hours could be accommodated before i n t e r f e r i n g  with the  crew r e s t  period.  How- 
ever ,  the  RCS budget f o r  such a checkout could be c r i t i c a l  depending on 
s ta t ionkeeping and a t t i t u d e  requirements. No s ta t ionkeeping a n a l y s i s  has been 
performed . 
7.0 REFERENCE 
1. Berry, R .  L.: Estimated Maximum Al t i tudes  For t h e  Cmbined Landsat D Deliv- 
e ry ,  Landsat D R e t r i e v a l  Mission. 2SC Memorandum FM22( 80-31 1 , Feb. 19, 
1980. 
80FM38 
TABLE I.- STS-2W BASIC SEQUENCE OF EVENTS FOR THE 210-N. M I .  RETRIEVAL ORBIT 
Event 
Landsat-D lower per igee  
(with 0.3O plane change) 
C i rcu la r  o r b i t  a t  210 n. m i .  
(with 0.30 plane change) 





Begin crew r e s t  
End crew r e s t  
NH ( h e i g h t )  
NSRl ( c o e l l i p t i c )  
Deploy Landsat-D ' and perform 
Orb i t e r  separa t ion  maneuver 
Ladsat-D1 f i r s t  maneuver 




- - - 
Comments 
AV = 309 f p s  
GMT l i f t - o f f  = 1748, 
6 /29 /84 
AV = 520 f p s  
AV = 186 f p s  
AV = 13 f p s  
AV = 69 f p s  
AV = 62 f p s  
Dest inat ion is 383 n. m i .  
c i r c u l a r  a l t i t u d e  a t  
9:30 a.m. l o c a l  
descending node 
Begin crew r e s t  1 :08 :OO :OO 
End crew r e s t  1:19:30:00 
NCC ( cor rec t ive  combination ) 1:22:22:13 AV = 12 
NSR2 ( c o e l l i p t i c )  1 :22:59:13 AV = 21 
TPI ( i n t e r c e p t )  1 :23 :52 :36 AV = 11 
Braking/begin proximAy ops 2:00:25:58 RCS maneuvers 
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TABLE I .- Concluded 
Event MET (DD:HH:MM:SS) Comments 
Retrieve Landsat 
Begin crew rest 
End crew rest 
Close PLBD9s 
Deorbit from 210 n. m i  
Landing (orbit 46) 
- - 
2:02:30 :00 
2 :06 :OO :OO 
2: 16 :OO :00 
2: 18:30:00 
2: 19 :58 :44 AV = 377 
2:21 :OO:OO Descending to KSC 
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TABLE 11. - LAUNCH WEIGHT ESTIMATES 
Reference we~ght  nominal 
WCO 109 percent, 3g/109 percent, 
. . .  30 performance enhancelaents 
SSW t h r o t t l e  s e t t i ngs  109/109 . 
Change i n  inc l ina t ion  t o  98.2O . 
. . . . . . . .  ET block I1 i n e r t  
EPS tank set t 3  . . . . . . . . .  
Orbiter vehicle 103 i n e r t  (2 EPS) 
. . . . . . . .  Manifest changes 
S S M E X ~  . . . . . . . . . . . .  
Nonpropulsive comsumables (2  EPS) 
STS weight charged t o  operator 
. . . . . . .  Personnel (3W3D) 
Unusuable f l u id s  (MPS) . . . .  
MPS FPR (Nominal 30) . . . . .  
Om propellant . . . . . . . .  
. . . . .  RCS propellant ( a f t )  
RCS propellant (fwd) . . . . .  
Nominal ET margin required . . 
. . . . .  Variable I y  (i > 30°) 
OMS k i t  i n e r t i a l  . . . . . . .  
. . . . . . . . . .  Capability 




















TABLE 11. - Concluded 
Item Weight Comments 
Payload requirement (composite 
pay1 oad ) . . . . . . . . . . . . . . .  13 500 High Landsat cradle  
weight o f  9000 l b  
assumed 
Margin . . . . . . . . . . . . . . . .  -1  818 
TABLE 111.- STS-2W CONSUMABLES SWRY 
Propulsive consumables OW Forward RCS Aft RCS 
Total loaded 29 300 Full Full 
Total trapped 1 117 -- -- 
Total dispersions and contingencies 975 -- -- 
Nominal required 27 200 TBD TBD 
Margin 8 TB D TBD 
Nonpropulsive consumables (hydrogen budget) LBM Tank se t s  
-- 
Flight-independent requirements -- -- 
Flight-dependent requirements -- -- 
Total mission requirements TBD TBD 
Total loaded TBD 2 
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DELIVERY TO 235-N M I .  ORBIT/RETRIEVAL FROM A 245-N. M I .  ORBIT 
T h i s  appendix c o n t a i n s  an  assessment o f  t h e  Landsat-Dl d e l i v e r y  and Landsat-D 
r e t r i e v a l  f o r  a reduced payload weight t h a t  would a l low t h e  O r b i t e r  t o  a t t a i n  a 
h ighe r  d e l i v e r y / r e t r i e v a l  a l t i t u d e .  The assessment was based on t h e  fo l lowing  
groundrules  and assumptions : 
a. The FSS weighs 5500 pounds. 
b. The Landsat-Dl is deployed i n  a 235-n. m i .  o r b i t ;  t h e  Landsat  is r e t r i e v e d  
from a 245-n. m i .  o r b i t .  
c. There is a requirement f o r  a deorbi t  backup oppor tun i ty .  
d .  The cargo  e n t r y  weight is 9100 pounds. 
e. A l l  o t h e r  groundrules  and assumptions are t h e  same a s  t hose  def ined  f o r  t h e  
210-n. mi. r e t r i e v a l  assessment.  
The p r o f i l e  f o r  t h i s  assessment is similar t o  t h a t  f o r  t h e  210-n. m i .  r e t r i e v a l  
ca se .  A t  approximately 40 hours  p r i o r  t o  l i f t - o f f ,  t h e  Landsat-D performs maneu- 
veh8s necessary  t o  lower its o r b i t  t o  a 245-n. m i .  c i r c u l a r  o r b i t  and t o  make 
p l a n e  changes r e q u i r e d  t o  account  f o r  t h e  d i f f e r e n c e  i n  o r b i t  p reces s ion  r a t e  be- 
tween t h e  two o r b i t s  ( a  0.25O plane  change du r ing  each burn as compared t o  t h e  
0.30 needed f o r  t h e  210-n. mi. c a s e ) .  
The t i m e l i n e  f o r  t h i s  assessment is very similar t o  t n a t  f o r  t h e  210-n. m i .  
r e t r i e v a l  assessment.  Table A-I and f i g u r e  A-1 p r e s e n t  d a t a  d e s c r i b i n g  t h i s  
t ime l ine .  
The o n l y  o t h e r  major d i f f e r e n c e  noted between t h e  two assessments  is t h a t  f o r  
t h e  245-n. m i .  r e t r i e v a l  ca se ,  t h e r e  is no backup d e o r b i t  oppor tun i ty  fo l lowing 
t h e  nominal d e o r b i t  ( r e v  46 descending) t o  KSC. Revs 53 and 54 provide  two con- 
s e c u t i v e  ascending d e o r b i t  o p p o r t u n i t i e s  t o  KSC but  would r e q u i r e  a change i n  
t h e  crew work/ res t  schedul ing .  Two consecut ive  d e o r b i t  o p 2 o r t u n i t i e s  t o  VAFB 
( r e v s  47 and 48 descending) e x i s t  i f  t h e r e  is no o b j e c t i o n  t o  r e t u r n i n g  t h e  
O r b i t e r  and payload t o  VAFB. 
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TABLE A-1.- STS-2W BASIC SEQUENCE OF EVENTS FOR THE 245-N. M I .  RETRIEVAL ORBIT 
Event MET (DD:HH:MM:SS) Comments 
Landsat-D lowers per1 gee (with -1 :15:25:07 AV = 247 fps  
0.250 plane chanrd) 
Circular o rb i t  a t  245 (w!.th -1 :13:00:47 AV = 249 fps  
0.250 plane change) 
Lift-off 0:OO :00 :00 GMT l i f t - o f f  = 1748, 
6 129 /84 
OMS-1 0:OO :09 :58 AV = 52C fps 
OMS-2 0:00:47:31 AV = 186 fps 
Open PLBDt s 0:Ol :OO:OO 
NC1 (phasing) 0:03:02:02 bV = 15 fps  
Begin crew r e s t  0:09:00:00 
End crew r e s t  0:20:30:00 
NH (height)  0:21 :50:01 AV = 150 fps 
NSR1 ( coe l l i p t i c )  0:22:35:56 AV = 146 fps 
Deploy Landsat-D' and perform 01 :01:35:56 
Orbiter separation maneuver 
AV = 3 fps  (RCS) 
Landsat-D' f i r s t  maneuver 01 :02:35:56 Destination is 383 n. m i .  
c i rcu lar  9 :30 a.m. 
l oca l  descending node 
Begin crew re s t  01 :08 :OO :OO 
End crew r e s t  01 :19:30:00 
NCC (correct ive combination) 01:22:42:G8 AV = 11 fps 
NSR2 (coe l l i p t i c )  01 :2j:19:08 hV = 19 fps  
TPI ( in te rcept )  02:OO: 14:Of AV = 11 fps  
Braking/begin Proximity OPS 02:00:47:53 RCS maneuvers 
Retrieve Landsat 02:02:45:00 
TABLE A-I . - Concluded 
Event MET (DD:HH:MM:SS) Comments 
Begin crew rest 
End crew rest 
Close P L B D t s  
Deorbi: from 245 n. m i .  
2:06 :OO :OO 
2: 16:OO:OO 
2: 18:30:00 
2:20:34:14 AV = 428 fps 
Landing (orbit 46)  2:21:39:00 Descending to KSC 


I . .  
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